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Development of a new input for spatially explicit distribution of irrigation systems
The extent of irrigated areas (both equipped and actually irrigated) is relatively well documented and has been disaggregated to grid cell level by Stefan Petra Döll et al. (S. Siebert et al., 2005, 2010; S Siebert et al., 2014; Stefan Siebert, Döll, Feick, Hoogeveen, & Frenken, 2007) which is included in the MIRCA2000 land use data set ) that we employ throughout our study (area equipped for irrigation). Information on the irrigation system that is in place is however less well documented. The FAO Aquastat data base (FAO, 2014) provides national irrigated areas separated for the three irrigation systems surface, sprinkler and drip (area equipped for irrigation). But such areas are not consistently available for all countries and significant gaps and errors are apparent. The International Commission on Irrigation and Drainage (ICID) also provides estimates on national shares of sprinkler and drip irrigated areas (ICID, 2012), but unfortunately not for all countries. Rohwer et al. (2007) also compiled a country statistic on the share of irrigation systems, based on FAO, ICID and other sources but it is not comprehensive for all countries.
Here we compile a new country-level database on the extent of the three main irrigation systems surface, sprinkler and drip, based on FAO (2014) , ICID (2012) and Rohwer et al. (2007) . In general, the total extent of actually irrigated areas is relatively consistent between MIRCA2000, AQUASTAT and ICID, but estimates of the extent of each system are often inconsistent or missing. We assume that the areas on which the three systems are implemented sum up to total area equipped for irrigation (i.e. that there are no other systems). Our primary data source is FAO (2014) and in case of missing or inconsistent data we fill in with data from ICID (2012) or Rohwer et al. (2007) . In countries where only the total irrigated area is available, we allocate shares according to neighboring countries. The complete list is shown in Table A1 .
Furthermore, we disaggregate country shares of each irrigation system to the irrigated area from MIRCA2000. For this, we developed and employed decision rules to decide which irrigation system is most suited for a CFT. These decisions are based on Brouwer et al. (1988) , Sauer et al. (2010) and Fischer (2012) and are summerized in the suitability table (Tab. 2 in main paper). The basic rationale is that drip irrigation is most suitable for high value crops, and sprinkler irrigation is suitable for most row, field and tree crops (Brouwer et al., 1988) . From the 12 CFTs in LPJmL we only excluded rice (always surface) and tropical roots (not irrigated at all) from this decision rule.
Our algorithm works in that first in each country all cells are selected that have areas with dripsuitable CFTs. From that pool, we randomly sample CFT fractions until the target area for drip systems is fulfilled in each country. This procedure is repeated 1000 times and we employ the iteration for which the target area is met most precisely. Then, sprinkler systems are attributed accordingly and the remaining free cell fraction for irrigation is assigned to surface irrigation. In the end, each CFT in each cell is assigned to one of the three irrigation systems.
The extent of irrigated areas by CFT changes each year (S Siebert et al., 2015) . Irrigation system distributions that were assigned for the previous year are kept in place for the next year, if the extent of irrigated cropland does not decline. On newly added cropland irrigation systems are distributed according to the rules above. calculated from the extent of areas with surface, sprinkler and drip irrigation (column 1-3) Figure S1 : Parameter sensitivity analysis for the distribution uniformity scalar (du). Panel (a) shows the dependency on annually cumulated soil water deficit in the upper 50 cm (irrigation depth) that could not be fulfilled by irrigation, as mean over irrigated cells. Panel (b) shows the dependency on mean annual crop yield. Simulations are based on All-Surf, All-Sprinkler, and AllDrip scenarios (see main text, 2.5) assuming unrestricted water availability for irrigation. Employed parameter estimates are indicated. Surface and sprinkler systems are parameterized to meet net irrigation requirement (field capacity in upper 50 cm) and thus yield production is at its potential. Drip systems are parameterized to represent a modest form of deficit irrigation, not to maximize yields but to save water. Figure S2 : Sensitivity analysis for the irrigation threshold (it) parameter. Stacks represent the number of cells that achieve their maximum harvest at the respective it and the red line is the median across all cells. The two rows represent C3 and C4 crops, respectively, and the columns represent the indicated precipitation regimes. Figure S3 : Dependencies of non-beneficial irrigation water fluxes on its main biophysical driving factors (3 columns: return flow, soil evaporation, interception). Double rows represent the irrigation system: surface, sprinkler, and drip. Data is based on 12 crop CFTs from the All-Surface, AllSprinkler and All-Drip scenario, respectively and country-scale management intensities are harmonized (calibration factors are set so as to represent systems with optimal management).
Dashed lines indicate polynomial bias curve, "cor" refers to Spearman's correlation coefficient (*, if p-value < 10 -9
). PREC: precipitation, WHC: water holding capacity, PET: potential evapotranspiration. Figure S4 : Global patterns of beneficial irrigation efficiency (E b , ratio of transpired and diverted water) as area-weighted mean over CFTs (inclusive "others" and pastures) and based on the system distribution in Figure 3 . Gridded data for this figure are provided as Supplement for other studies.
